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Other Loads 


Introduction 


1 The loads covered in this Chapter are listed on the contents page (4.1). Specifically, they 
consist of the most important loads which may be met by a ship in normal operation and the most 
common accident or wartime conditions but which are not due to wave effects. The order in 
which they will be discussed starts with the remaining environmental loads, such as wind and ice, 
then operational and accidental loads and finally loads due to weapon effects. Estimates to some 
degree of accuracy will be provided for all the load effects but some of them are essentially 
arbitrary and in these areas there is need for more research or at least empirical study. 


2 Whether the loads act independently of each other, or have to be taken in conjunction with 


other loads, has to be left in the main to common sense engineering judgement but guidance will 
be given where possible. 


Wind Loads 


3 The wind acting on the above water part of the hull creates forces which the designer may 

need to consider. However, the majority of the above water structure will be designed to 

withstand green sea loads (Chapter 3); clearly wind and sea loads cannot act simultaneously at the 
same point and green sea loads will always be greater than wind loads for the same design 
condition. Consequently, for the majority of the structure the effect of wind may be ignored. Wind 
is usually only of significance in relation to steady forces which affect stability and propulsion 
resistance and which are not the subject of this book, but there are a few parts of ships in which 


wind forces affect structural design, for example on masts, and some advice will therefore be 
provided here. 


4 Because pressures are relatively low there is little published data on the local effects of 
wind on marine structures, and most information available relates to the effect of overall wind 
loads on ship motion, for example as described by Gould (1982). However, in relation to overall 
resistance, Rawson and Tupper (1976) suggest a pressure not exceeding 0.2 V2 Pa where the 
relative Wind speed V is in m/s. Reference to Defence Standard 00-35 (Part 4) ‘Natural 
Nvironments’ (1986) suggests that wind speeds are unlikely to exceed 50 m/s anywhere on the 
Seas, and combining these two factors leads to a worst case wind pressure of 0.5 kPa. It will be 


noted that this is at least an order of magnitude less than design pressures necessary to withstand 
ereen sea loading. 
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Inertial Loads 
loads are those caused by the motion of heavy masses following the motion of 
the local accelerations are known, the estimation of inertial force the 
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or roll) response spectrum, that 1s 


(4.1) Qi/10 = 2.55 Vig, 


where m,, is the 4" moment of the response spectrum 

added the acceleration due to gravity. 

when information about the ship is limited it is reasonable t 
0 


(to yield acceleration), to which must be 


7 In the early stages of design 
assume simple harmonic motion, sO that 


(4.2) F = 4n2md0/T2 


where m = mass of item 
d = distance from centre of rotation 


T = period of motion. 
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wave bending moments and, where relevant, the stresses due to all these loads should be added. 


Thermal Loads 


y Moderate stresses in the structure can be caused by different temperatures in one part with 
respect to another part, or where materials with different coefficients of thermal expansion are 
used together, In warships the largest temperature variations will probably occur in the tropics 
where very high air temperatures in addition to solar radiation may lead to the upper deck being as 
much as 40°C hotter than the hull below water. In such circumstances stresses of the order of 75 


ie ae curvatures of 10,000 m radius vertically and 50,000 m horizontally may be expected in 
steel hulls. 


10 Because the highest stresses are due to high air temperatures it is unlikely that they will be 
combined with high wave bending moments. Nevertheless, significant thermal stresses may 
occur under storm conditions where the main strength deck is enclosed by a deckhouse. For 
example, in the Arctic exposed portions of the hull may be at sub-zero temperatures while 
enclosed parts of the strength deck, especially in way of accommodation or machinery spaces, 
may be as much as 30°C higher. If the superstructure is inset from the ship’s side then the upper 
deck would be subject to stresses of the order of 40 MPa: tensile in the exposed outboard areas 
and compressive where enclosed. Keel stresses would be about 10 MPa in compression. 


11 The effect of these longitudinal stresses in the deck and keel is not especially significant 
(provided that notch tough steel has been used as discussed in Chapter 5) as compressive stresses 
are always balanced by tensile stresses elsewhere. While areas in compression will shed load 
earlier suggesting a reduction in hull girder strength, the equivalent tensile stressed areas, if they 
also are subjected to primary compressive loading, will approach failure later and so there will be 
a degree of self compensation. In fact, there will be a small loss of strength as compensation is not 
total, and using typical collapse behaviour taken from Smith and Kirkwood (1977) it can be 
shown that a difference of 30°C across the ship between exposed and enclosed parts of the 
strength deck typically leads to a reduction of overall hull girder strength of about 5%. For any 
particular design, if such differential temperatures are likely in association with extreme wave 
bending moments, then an allowance needs to be made within any safety margin that is applied to 
overall ultimate strength. This is particularly the case if aluminium is used in the structure as its 
coefficient of thermal expansion differs from that of steel while at the same time its Young’s 


modulus is considerably lower. 


Ice Loading 


12 The information on ice loading in the following paragraphs is derived from Canadian 
Naval data and their contribution is acknowledged. Large portions of the world’s northern and 
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13 Design ice pressures published caren low as 90 kPa ( ladies Bena ee 
ship operations. ng cae region, which would only be appropriate for the lightest 
Shipping — a less than 0.3 m thick. On the other hand, shell plating design Pressures 
ice conditions 0 sy for ships operating in the high Arctic ice (ABS Ice Class A5). Equivalent 
: wes i aan Lloyd’s Rules range from 380 kPa (Lloyd’s 100A 1 - Ice Class 1¢ at the 
tee aes 0.4 mice) to 12 MPa (Lloyd’s proposed Ice Class AC3 (1984)) at the bow ( highest 
ice strengthening for multi-year ice). Ice loads are very localised and peaked, and average 
pressure drops off rapidly with the area over which the load acts. 


14 Ice loads will dominate the local structural design of a warship hull in all but the very 
lightest of ice conditions. Therefore, for an “ice capable’ ship, that is a ship that has some ice 
breaking capability as opposed to resistance to the impact of reasonably loose ice (as defined in 
paragraph 15), the stipulation of any ice capability will affect the structural design and weight. It 
is therefore important that the extent of ice operations expected and the ice conditions to be used 
in design, based on the projected area of operations, are defined clearly. The technology for the 
design of ice capable merchant vessels and specialised icebreaking ships is currently advancing 
rapidly and should be applied to the design of an ice capable warship. Rules from a number of 
Classification Societies (ABS, DnV, Lloyd’s, amongst others) are available as a guide to the 
designer, but a prerequisite is to define the area of operations, the average and maximum speeds 
and the most probable type of ice to be encountered. 


1S This being said, most warshi 
need a measure of ice stren 
in the marginal ice zone, th 


ps will not be ice capable nor will need to be, but some might 
gthening. The most likely area of operations of these warships will be 
at is the area near the first year ice edge. The ice will generally be in the 
form of loose first year floes (not surviving the summer) or pans of new ice. In such conditions the 
Ice loads will act very near the waterline and should not be combined with wave or other loads. 


While there can exist significant swell at the ice edge, which could impart motion to floes, this 
Fe tence is not sufficiently likely to be considered as the design condition. The loads will result 
from striking individual floes, which 


; may then fail in bending or be pushed aside. In both these 
ig the loads are very local, are oriented horizontally and are highly dependent on the veloctly 
pact and the shape of the hull at the impact point, 
16 For} | * 
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a. The <a extent of ice strengthening should be from 1.0 m above the deep 
waterline to 1.3 m below the operational light waterline. 


b. The horizontal extent of ice strengthening in the bow region should extend from the 
stem to 1.0 m abaft the beginning of the parallel mid-body or the maximum waterline 
beam. The stern region should extend from 1.0 m forward of the after end of the 
parallel mid-body (or aft of the bow region) to the extreme stern including the 
transom. The mid-body region is the remaining portion of the parallel mid-body, if 
any. 


17 The design pressure (P;) in MPa in the ice belt is given by: 
(4.3) P. = P., (A/1000)9.2 


where A is the deep displacement in tonnes and P,, is a nominal ice pressure to be taken as 0.90 
MPa in the bow region, 0.32 MPa at the mid-body and 0.20 MPa in the stern region. 


18 The shell plating in the ice belt should then have a minimum thickness (t;) given by: 
(4.4) 1, = aK, [V{1 + (a/3)?} - a V3] . V(P/o,) 
where a is the frame spacing 


a is the aspect ratio (<1.0) of the plate panel between stiffeners 


and K; is a constant equal to 0.6 for transversely framed structure and 0.7 for longitudinally 


framed structure. 


To the plate thickness so derived, an appropriate corrosion allowance should be added as 
discussed in Chapter 5. 


19 Equation 4.4 allows a small amount of yield at the edge of the plate and a small amount of 
permanent set, using a method described by Hughes (1983), and the load is the equivalent to 
approximately 1.25 times the load to initiate yield. The amount of permanent set will depend on 
aspect ratio, thickness and the boundary conditions. The steel specified for the ice 


the plate span, areas 
d low temperature notch toughness as defined in Chapter 5. 


belt should have a minimum guarantee 


20 Framing should be designed against a uniform pressure load of P; over an area with a 
vertical extent of 0.25 m and a horizontal extent of 2.0 m at all points within the ice belt defined in 


paragraph 16, No yielding nor instability should be permitted in the framing. 


21 Note that although this chapter is strictly concerned with /oading and that design matters 
are covered in later chapters, it 1s more appropriate to discuss here plating and framing design 
criteria to withstand ice, rather than in Chapters 7 or 10, as the design is empirically associated 


with the load. 
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edge operations are not regularly expected it is not 
reasonable to specify additional ice strengthening. It is more appropriate to evaluate the ability of 


lastically, for a wide range of 
to withstand ice loads, elastically and p , Possible 
ES SCE Wee sta (1983) and Coburn et al (1981) for discussion of ice 


conditions. The designer 1s referred to Var ae 
loads in thin ice. It is recommended that for normal warship design this information be used to 
determine the maximum ice conditions and speed of operation which the vessel Can accept based 

ible to specify the worst conditions in which the 


on the existing structural strength. It 1s then possit : : : 
vessel should operate. Parameters such as ice thickness, concentration, floe size and ice decay 


state will need to be included in the description of the conditions. 


23 Finally, for warships for which ice 


24 The above considerations all apply to operations in sea ice. A separate loading condition 

can occur when ice forms on the deck and upper works of a ship due to freezing spray. The 

thickness of ice can build up to many centimetres if it is not removed, but is likely to cause a 
hazard first due to loss of stability rather than loss of strength. Nevertheless, if a ship is expected 
to operate for extended periods in areas where icing is likely, an allowance should be added to 
both the displacement (for calculation of wave bending moments) and to the pressure on exposed 
horizontal surfaces. Under such conditions a local mean thickness for grillage design of 100 mm 
of ice is probably adequate, while 50 mm should suffice over large areas. 


Propulsion Train 


25 The forces resulting from the propulsion train are due to the thrust transmitted from the 
propulsor through the shaft to the hull and from any out-of-balance in components of rotating 
machinery. The first will be established with some accuracy early in the design and is usually 
passed into the hull through a thrust block seating in the shaft line. If vectored thrust devices are 
used, such as Voith-Schneider propulsors, the thrust will be taken directly into the hull 
immediately above the device and can be in any direction. In either case, however, with the force 
known, the design of the seating will be straightforward: for further information on seating design 
see Chapter 12. 


se ag o out-ot-balance is less easily accounted for. Ideally there will be no out-of- 
wecisihangek eet It 1s difficult to ensure complete dynamic balance especially for large 
loads and sae a propeller. However, the forces will usually be small in relation to dead 
damaged, as Rca 8 (except possibly for forces on shaft brackets should a propeller be 
vibcidiodtcltatice te wee a ah , and need only be considered for their contribution '° 
machinery seatings ar is therefore important to ensure that local resonant frequencies neat 10 
mast only the propel] et Kittd low harmonic of the excitation. For the whole hull or the 

| Propeller and shaft are likely to provide enough excitation energy and it is therefore 
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only necessary to ensure that the first three or four hull or mast modes do not lie close to a shaf 
ata that is likelv a 3 ; | . e close to a shaft or 

blade rate that is likely to be used for long periods during normal operation. Considerati | 

be given to torsional and horizontal bending modes hietebraaaietgiriiSse es 


as well as vertical bendi i if 
i WEE te eRe ing, particularly if the 
hull has large cut-outs for machinery or weapon systems. Methods of aeanes eaten and 


analysis are given in Chapter I4, but also see Todd (1961). the BSRA Ship Design Manual - 
Vibration (1981) and Ward (1983), and for an example of an analysis see Bishop et al (1986) 


27 ~—«CA final load not © be forgotten is that on the hull above the propeller due to uneven flow 
through the propeller disc, which is again a cyclic load at blade rate. Even if the propeller were 
operating in a uniform flow field a pressure variation would exist at the hull plating, but as long as 
the wake is reasonably uniform the forces will be of the same order as the other vibratory forces in 
the shaft line. However, if the propeller is operating in a markedly non-uniform wake, especially 
at high powers, there will be large pressure fluctuations on the hull nearby, as well as excessive 
cavitation forming at the back of the blades. As the cavitation bubbles collapse, further pressure 
fluctuations will be created and will cause large pressure pulses on anything in the vicinity, of a 
magnitude great enough not only to cause erosion but also to generate fatigue damage in the hull 
plating due to local forced vibration. It is not reasonable to design the hull against this effect as 
cavitation of this order is highly undesirable and much more significant effects will occur 
elsewhere more quickly. It is better to design the hull form to minimise the unevenness of the 
wake through the propeller, and an essential first requirement is a separation of at least 20% of 
propeller diameter between the hull and propeller disc. 


Wheel Loads 


28. Wheel loads result from vehicles on landing ships and RO-RO vessels as well as from 
aircraft, both fixed wing and helicopters, on most modern warships. Loads from vehicle wheels 
are most readily estimated as they consist only of dead weight and inertial loads. There is no 
specifically military requirement in this case and the rules of classification societies may therefore 
be followed, for example Part 3, Chapter 9 of Lloyd’s Rules and Regulations. To use the mound it 
is necessary to know the maximum axle load and the maximum individual tyre Serene: 
account of vehicle cargo, if any. Either the scantling rules of the classification SOE ie : ” 
or, if preferred, direct calculation is permitted using an allowance for ship Sei as desert ue in 
paragraph 6-8 above. Provided that the worst case of vehicle wheel load - S - eee is ° en 
then it is not necessary to combine vehicle wheel loads with any other se ae t ons res ates 
numbers of vehicles parked close together on the main ome — i 5 ane se ND aa 
should be treated as a continuous pressure applied to the deck for deck design 

Chapter 7. 


load in a 
29 Ai lv to both flight decks and hangar decks. The most severe ai 
hangar will be the nr load which is related to the eee seamen sion Se she 
flight deck landing loads related to the aircraft undercarriage oleo a : : r SCP naa ech 
iN areas which are dedicated to parking only. The principle see eM as a < mids ee the 
ihe aircraft structure will fail before Secisberne . Joga He rigs Bink raters od Po the 
deck and allowing burning fuel to run below should an aircraft crash. 
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Docking and Slipping Loads 





36 Docking a ship on blocks imposes very high vertical loads on the keel. Slipping a ship, on 
the other hand, involves drawing the ship out of the water on a cradle which applies inherently 
less load than docking because the ship is fully supported along its length and transversely at all 
times. However, as all ships may be expected to be docked at some time, it is necessary to design 
for the docking condition as the most severe one. Unfortunately, the response of the dock blocks 
to the load is highly variable and depends not only on the local weight of the ship, but also on the 
stiffness of the bottom structure, the stiffness of the blocks, the accuracy of alignment of the top of 
the blocks and the straightness of the keel. If all these details were known then an accurate 
analysis would be possible, but as most of them will clearly vary from docking to docking it is not 


a feasible design approach. 


a simplified method is used whereby a line load at the 


keel equal to W/L, (W.. is the weight of the length, L.. of the ship between main transverse 
bulkheads) is distributed equally over the blocks in that section, so that for normal block spacing 
the load on the keel can be taken as a distributed line load. This will be adequate provided that 
blocks are set up and aligned correctly, SO a small margin may be appropriate for poor block 


condition, spacing Or positioning. 


37 It is recommended therefore that 


38. The only exception will be in the region of the after cut-up where there is a considerable 
overhang increasing the load at the after end of the keel. It is a reasonable assumption that the 
| perturbation to the load due to the overhang will extend forward from the cut-up a distance equal 
to twice the length of the overhand (L,) and will be distributed parabolically. It may then be 
shown that the mass (w) per unit length to be added at each dock block at x forward of the cut-up 
a is given by: 
4 (4.5) w= BW,/4L2) [(2L + 3Lo) IL2 — 203L, + 4Lg) WL, + 4 Lo + Lg) 
3 ; for 0 <x <2L, and where W, 1S the mass of the overhang with a centre of gravity distance Lg 
i. oO : : A ; 
abaft the cut-up. The distribution ‘< illustrated graphically in Figure 4.1. 
39 The loads due to side blocks and docking shores are much more difficult to estimate, but 
for practical purposes it may be assume i he loads will be taken directly into transverse 
bulkheads in-plane or that the loads, wh ffened side structure, will be less than 
£ onsequently, there is no need for the designer to 
a very unusual configuration of structure or of 


| seaway loading. ¢ 
ll be needed to establish an appropriate design 


en applied to the sti 


that allowed for during norma 
take account of these load sources unless there is 
docking procedure, in which case experiments W) 
load. 
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Figure 4.1 Calculation of Dock Block Loads in way of the After Cut-Up 


Berthing Loads 


40 Berthing loads are extremely variable depending, as they do, on the skill of the gun 
command, the prevailing weather conditions and the resilience of the structure agains! or ne 
ship is berthing. It is unrealistic to design ships’ hulls to withstand unusually heavy Se ee 

and a simple rule of thumb that has been developed over the years from ships which have su i iz 
minor damage is that the structure within a 1.0 metre strip centred on the deep waterline Sea 
able to withstand a line load of displacement/800 per metre length so as to avoid eri rent 

normal conditions. However, if the ship is particularly large, or can have significantly tents 

loading conditions, the 1.0 m strip will need to be widened depending on operating a ae 


Launching Loads 
. | all¥ of 
| : t pical J : 
41 Bending stresses in the main hull girder due to launching are only ogee er usile 
the order of 50 MPa for frigate sized ships. Loads should be checked by a ver 1976) bul 
conventional analytical methods, for example as described by Rawson and Tup 
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Grounding Loads 


42 For the majority of ships grounding is an accident condition and does not directly affect 
the design of the structure. For vessels which are expected to ground as part of their normal 
Qperanon, for example landing ships and some small boats, then the local loads and resulting 
bending moments applied to the hull at all relevant states of tide and bottom conditions need to be 
calculated. Methods may be found in most general naval architectural textbooks, for example 
again Rawson and Tupper (1976), but the problem usually refers to loss of stability during 
grounding. It is, however, a fairly simple matter to convert the forces so calculated to bending 
stresses on the hull. Local loads are less easily allowed for as the area over which the force is 
applied depends on the flexibility of the ship’s bottom and type of surface on which grounding 
takes place. It is probably best to assume that all the load is spread evenly over a single panel of 
plate between stiffeners which is reasonably conservative without being undesignable. If the 
structure is made from a material other than steel then it will also be necessary to make an 
allowance for abrasion on the bottom, either by providing a tough surface or by thickening the 
plating to allow for some sacrificial loss. 


Collisions 


43 A collision is clearly another accident condition with which the structural designer rarely 
has to concern himself. However, there may be occasions when it is desirable to design a structure 
to withstand collisions, for example for nuclear powered ships. It is extremely difficult to predict 
the loads that will result from a collision as there are so many variables and most methods are 
based on estimates of the energy or momentum lost by the vessel being decelerated. Some 
research work was published in the 1960s in support of a few designs of nuclear merchant ships 
that were then being developed and a summary of design methodologies is presented by Van 
Mater and Giannotti (1979). More recently, however, with the increasing incidence of minor 
collisions between offshore support vessels and fixed platforms there has been an upsurge in 
research interest and the current position is described in the report of ISSC Committee 11.2 - 
Dynamic Load Effects - (1988) and by Ronalds and Dowling (1988). 


Towing Loads 


44 Other than tugs, for which reference should be made to Lloyd’s Rules, ships do not tow | 
others as a matter of course but only in an emergency. As a general rule a tow should always be 
arranged so that the working load of the towing cable is less than the working load of the towing 
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48 Provided that the natural frequency of the supporting structure is more than four times the 
firing rate and at least 50% higher than the frequency derived from the time to maximum force, 
then a dynamic load factor of 1.6 will be adequate for first estimates. If the gun is mounted 
immediately above a bulkhead then the structural resonant f requencies will be much higher and a 
dynamic load factor of 1.2 may be assumed. It is clear therefore that any support to a gun or 
mortar mounting must be substantial and provide a fairly high stiffness if unacceptable resonant 


responses are to be avoided. For further information on structural resonant frequencies see 
Chapter 14. 


49 A final point to be remembered is that the line of action of the recoil force will depend on 
the azimuth and elevation of the gun. It is important therefore to choose the worst cases, which 
will usually be ahead and abeam and at 0° and maximum (or 90°) elevation, although checks 
should also be made at the 45° positions vertically and horizontally against the resolved in-plane 
and normal elements of the loads which occur simultaneously. 


50 The load on the structure due to gun blast is in the form of a short-lived transient 
overpressure; values of this overpressure should be available in the documentation for the 
weapon as curves of pressure against distance from the gun muzzle. The pressure will act only for 
a time of the order of 10 ms so the structure, with a much higher natural response period, is unable 
to react to the full overpressure and it is sufficient to design to an equivalent static pressure of 25% 
of the peak blast pressure. Should blast pressure curves not be available then an approximation to 
the equivalent static design pressure can be found from 


(4.6) p, = 2MPa{(1 + cos6)*/(d/b)'} 


where b is the bore of the gun and d is the distance from the muzzle of a point at which the 
pressure p, is required on the structure on a line at angle 0 to the centreline of the barrel. 
g 


iSsi an be predicted by considering the rate of change of 
aaa os oe ties Aa structure under consideration. HONE VEte when 
calculating the equivalent design load allowance must also be made for the dynamic i 2 of 
the structure, which leads to an undertaking of considerable complexity. For aay a 
therefore it is sufficient to design for the thrust averaged over a cone of semi-angle 3” and the 


resultant equivalent static pressure Pm may be found from 


(Ape oi, Py, = 1S (T/A, {8i0 o/(sin a + tan B cos O)} 


r relating to variations in the efflux pressure rather than the 


| ; mami cto | 
poe path T come i acting at an angle o (25°<a<90") to the structure over an area 
- C . ; t } >. tm - 
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A. and & is the efflux cone semi-angle, Both equations 4.6 and 4.7 are obtained from 
; 


. | informa: 
not in open literature and are approximate but adequate for the purpose. Aton 


Loads Due to Underwater Explosions 


52‘ The derivation of standards for design to resist underwater shock, both for structy 
equipment, is based on shock trials carried out on old vessels at the end of their lives The 
structure of none of these vessels had been designed specifically with underwater shock jn mind 
(except that some later ships will have had locally improved bulkhead design as described jn 
Chapter 9), and so the standards derived for equipment relate to structure with no Explicit shock 
hardening. In general, except for some local details, the structure of the trials vessels withstood 
shock to a higher level than the equipment on board, and current equipment standards are stil] set 
at a somewhat lower level than the traditional hull resistance. Consequently there is no need to 
increase the shock resistance of the structure above that which had previously been achieved, or 
indeed to allow explicitly for shock loading during overall structural design. It is, however, 
possible for shock loading to cause premature tearing of structure with subsequent risk of 
flooding in local areas of high stress; the design of such details is discussed in Chapter 9 (for 
bulkheads) and Chapter 15. 


re and 


53 An entirely separate phenomenon associated with underwater explosions is hull whipping, 
that is large amplitude resonant vibration of the hull in its lower modes excited by the shock pulse 
from the explosion. In steel ships it is difficult and probably not worthwhile to design to improve 
resistance to whipping, which is clearly related to the stiffness of the hull; lower amplitudes and 
strains (and higher frequencies) can only be achieved by a stiffer and heavier structure than is 
required for wave loading and may only be justified in a ship which is expected, in normal 
operation, to be subjected to explosive loading, such as a mine countermeasures vessel. If, 
however, the hull is built of a low stiffness material such as glass reinforced plastic then it will be 
desirable to estimate the explosion severity necessary to damage the hull, compare it with the 
operational requirement and stiffen the hull if appropriate (see paragraph 36 of Chapter 15). Some 
guidance on the sensitivity of hull resonances to changes in stiffness can be found in Chalmers 
(1988(a)), but advice is best sought from explosives specialists. 


Loading Due to Air-Blast 

; ‘ncluding 
54 Air-blast pressure loading on warship structures can result from several sources: _ Th 
sates weapons, conventional high explosives (HE) and fuel air explosives stoi 
following cases are of relevance to design of blast resistant structures: 


a. Far-field nuclear airburst explosions. 
b. Medium standoff FAE explosions. 
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Migure 4.4 Average Front Face Air-Blast Loading on Closed Box-Like Structure 


59s At the stand-off ranges of interest in warship design the shock front is seen as a planar 
wave front. As the blast front impinges on objects in its path, reflection of the wave causes a short 
term magnification of the peak pressure illustrated in Figure 4.3 taken from Glasstone and Dolan 
(1977), The duration t, of the peak is given in equation 4.9 


(4.9) t.= 38 /U 
Where U is the velocity of the shock front given by 


(4.92) U=U, Vl + 6P,,/7P,] 


and S, is the height or half breadth of the deckhouse, whichever is the smaller. U, is the ambient 
speed of sound, 340 m/s, and P,, is the ambient atmospheric pressure, After time t, the pressure 
drops to the stagnation pressure P, given by : 


(4.10) P. = plt,) + Cpq(t,) 


where P(t) and q(t) are defined by equations 4.8 and 4.12 respectively, and C), is the drag 
coefficient of the structure, discussed for different structural arrangements in Chapter 15, 


60 The resulting peak reflected pressure P. against solid objects is between two and eight 
times the value of Pso for a shock front striking a surface normal to its direction of travel. The 
actual magnification is dependent upon the value of the incident overpressure and the stiffness of 
oe Clear ly a less stiff structure (that is, a structure with a natural period of the order four 
ila la te ns sige will Significantly reduce the intensity of the reflected pressure by 
usually of higher natural iia a deflection, However, the ship structures of interest af 
energy, as produced agai equency than this and therefore the full intensity of the reflected 
pressure peak domi ainsi 4 Solid object, should be imposed as a structural load. This reflected 
- ominates the early stages of air-blast loading and is given by equation 4.11 


(4.11) Pye 2P,, (IP, + 4P, TP. + P.) 
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61 For non-normal incidence of the blast front, the reflected pressure is reduced, but as this 
reduction is not significant for angles of inclination from the normal to the target surface of less 
than 35° this effect should be ignored for conventional superstructure confi gurations 


62 Concurrently the high speed flow of air behind the shock front causes a dynamic pressure 
g(t) given by equation 4.12 which creates a drag pressure on objects equal to Cpaq(t). 


(4.12) q(t) = Q ( — tg) exp (—2at/ts) 
where Q is the peak dynamic pressure given by 
(4.12a) QO =2.5P2/C/P,, + Po) 


This dynamic pressure also decays behind the front, but is of much longer duration than the 
reflected pressure peak, resulting in an overall pressure time history of the shape shown in Figure 
4.3, for the front face of a superstructure block. It should be noted that drag on the structure is 
present as soon as the blast front strikes, but only becomes dominant when the initial reflected 
peak has passed. 


63 The side and top faces of a structure do not see the reflected pressure peak and therefore 
their pressure time histories for a structure of length L, (the length of the deckhouse in the 
direction of the shock front propagation) are as shown in Figure 4.4 also taken from Glasstone 
and Dolan (1977). It should be noted that for the top and sides of a structure the drag coefficient is 
negative, reducing the total load in the drag phase. However, as any face of a superstructure block 
may be facing the blast, all deckhouse sides should be examined against the more stringent case of 
front loading, whereas deckhouse tops should be loaded as in Figure 4.4. 


64 _ For the rear face the loading is similar, except that there is a time delay of (L, + 4S,)/U as 


the pressure builds up. This gives the pressure time history shown in Figure 4.5 from the same 
reference. Again the drag coefficient is negative on the rear face. 
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_ Figure 4.4 Average Side and Top Air-Blast Loading on Closed Box-Like Structure 
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Figure 4.5 Average Back Face Air-Blast Loading on Closed Box-Like Structure 


65 Thus, where a shock front crosses a superstructure block the net force time history on the 
portal frame of the deckhouse needs to be constructed from the sum of the forces on the front and 
rear faces, taking into account the time taken for the blast front to cross the structure as shown in 
Figure 4.6. In this case the rear face of the deckhouse, which does not see the high reflected 
pressures, tends to reduce the frame loading in the drag phase. 
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Figure 4.6 Net Horizontal Air-Blast Loading on Closed Box-Like Structure 


66 Whilst the exact values to be used in design of ship structures to withstand air-blast are no! 
openly available, the design value will normally be specified as a level of free field overpressur™ 
P,., from which the associated parameters defining the shock wave can be deduced as discus 
above. 


67 Clearly a sufficiently large nuclear explosion close to the vessel will cause capsize 4S well 
as the risk of excessive radiation dosage resulting in significant crew degradation within hout- 


addition, survivability under nuclear air-blast is not usually a primary design aim of the vess*™ 
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therefore the design air-blast levels for surface warships tend to be limited to what is practically 
achievable without resulting in an unbalanced design. Nevertheless. for a superstructure block 


designed to be ineffective with regard to longitudinal bending (see Chapter 8), the air-blast load 
will be the dominant structural design parameter. 


6g Similarly, capability against air-blast can be provided in two tiers. Firstly elastic design 
can be imposed against limited overpressure to ensure combat capability with undisturbed 
alignment of all major weapons and sensors. The second level uses plastic design in which loss of 


combat capability if accepted, and the aim is to maintain citadel integrity while allowing some 
structural deformation. 


69 For nuclear air-blast the associated thermal energy effects also need to be considered. To 
do this the designer needs to make assumptions regarding weapon yield and standoff to achieve a 
realistic combination of free field overpressure and thermal load (normally expressed in J/cm). In 
practice the thermal load is only likely to be of significance where aluminium or fibre reinforced 
plastic structure is subject to nuclear blast. 


Internal or Close External Air-Blast 

70 Whilst air-blast damage may also be significant for close detonated high explosive 
weapons, the combined effects of fragmentation and air-blast will tend to complicate analysis of 
the effect on ship structural integrity. For simplicity these problems are typically separated such 
that damage from fragmentation is assessed in terms of system loss using vulnerability 
assessment tools (for example, REVS User Guide (1987)), and blast damage is assessed using 
methods such as those described by Baker (1973, 1980). 


71 Thus for internal blast the analysis is sometimes simplified to the extent that a zone of 
devastation is defined, where structure in way of the detonation is removed and large deformation 
of surrounding structure occurs. Outside the area affected by fragments, which is usually 
completely destroyed, the remaining damage is due to a rapid build-up of internal pressure. This 
is usually vented overboard or into adjacent compartments via the weakest path of resistance 
Which is usually in the order: 


a. Through the weapon entry hole; 
b. Through open hatches, doors or ducts from the compartment, 

¢. Through larger fragment holes, which are then enlarged by the blast; 
d. Through closed watertight doors and hatches being blown open, 


re Through holes caused by rupture of fillet welds at the deck connections of watertight 


: oh t Through failure of full penetration welds in the shell. 
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